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ABSTRACT 

The  search  for  new  materials  with  interesting  properties  is  probably  the  most  challenging 
problem  in  modem  condensed  matter  and  materials  physics.  Important  developments  in  the 
physics  of  condensed  matter  usually  start  with  the  discovery  of  an  interesting  phenomenon 
and  it  is  probably  safe  to  state  that  “without  the  material  there  is  no  physics”.  This  extends  to 
many  interesting  phenomena  including  magnetism,  ferroelectricity,  superionicity  etc.  Perhaps 
one  of  the  most  intensely  explored  phenomena,  superconductivity,  relied  mostly  on  the 
almost  accidental  discoveries  of  new  superconductors.  The  SuperSearch  for  New 
Superconductors  MURI  project  departs  from  this  motivated  by  the  BAA  #  13  on  “Search  for 
New  Superconductors  for  Energy  and  Power  Applications”.  We  developed  a  novel 
methodology  for  an  enlightened  search  for  new  materials,  using  a  combination  of  Synthesis 
and  Screening  techniques.  While  no  single  approach  can  assure  the  discovery  of  new  classes 
of  superconductors,  our  proposal  established  a  rational  methodology  for  the  search  for  new 
superconductors. 

We  developed  the  methodology  described  in  the  original  proposal,  we  have  discovered  a 
large  number  of  new  superconductors,  have  provided  a  search  service  to  many  researchers 
world  wide,  and  continue  the  search  in  many  new  systems. 

EXECUTIVE  SUMMARY 

The  results  obtained  during  this  project  include:  development  of  unique  instrumentation 
which  will  continue  producing  first  rate  science,  discovery  of  many  superconducting  systems 
which  will  continue  to  be  investigated  by  the  members  of  the  MURI  and  others,  education  of 
many  young  scientists  (undergraduate,  graduate  and  postdoctoral),  and  many  collaborations 
nationally  and  internationally.  A  most  successful  project. 

I.  ACCOMPLISHMENTS 

This  project  is  dedicated  to  the  development  of  new  search  techniques  and  to  implement 
an  exhaustive  search  for  new  superconductors.  This  project  is  oriented  very  strongly 
towards  the  search  and  discovery  of  new  materials.  We  developed  an  efficient 
combinatorial  method  that  allows  simultaneous  search  for  many  superconducting 
systems.  This  highly  interdisciplinary  project  was  implemented  using  the  following 
crucial  ingredients:  1)  Synthesis  by  many  preparation  methods  2)  fast,  sensitive  and 
efficient  methods  that  allow  discarding  the  uninteresting  parts  of  the  phase  diagram  and 
3)  a  comprehensive  battery  of  tests  including  transport,  magnetization,  specific  heat, 
optical  and  microwave  response. 


During  this  project  we  have  addressed  all  the  aims  of  the  proposal.  Several  major 
accomplishments  include 

1.  The  Magnetic  Field  Modulated  Microwave  Spectroscopy  (MFMMS)  was 
developed,  provided  extensive  service  to  the  various  AFOSR  MURIs  working  in  this 
field  and  to  others.  The  Magnetic  Field  Modulated  Microwave  Spectroscopy  (MFMMS) 
system  with  its  selectivity  and  unparalleled  limit  of  detection  of  minority 
superconducting  phases,  of  10“'^  cc^  embedded  in  a  non-superconducting  matrix,  has 
become  a  powerful  tool  for  the  whole  community.  The  discoveries  already  made, 
validate  the  search  methodology  and  now  large  searches  are  underway.  Samples  were 
exchanged,  and  coordinated  measurements  were  done  between  the  different  MURI 
partners  and  others  elsewhere.  More  than  2100  samples  have  been  measured  to  date. 

2.  Joint  searches  using  arc-melting,  powder  metallurgy,  sputtering,  sol  gel  and  thin 
film  techniques  in  a  variety  of  possible  superconducting  systems  with  potential  for  new 
discoveries.  The  search  methodology  described  in  the  original  proposal  is  being  applied 
to  a  variety  of  bulk  materials  systems  including:  mixtures  of  well-known 
superconductors,  borides,  carbides,  silicides,  and  chalcogenides.  In  addition,  a  number 
of  thin  film  systems  have  been  explored:  A15s,  superlattices,  arrays  of  nanodots,  and 
phase-spread  alloys.  See  Table  I  below  for  a  list  of  all  the  systems  investigated  so  far. 

3.  Unusual  systems  investigated.  Search  for  new  superconductors  is  underway  in  the 
largest  collection  of  micrometeorites  available  from  Susan  Taylor  at  the  Army  Core  of 
Engineers  and  in  a  variety  of  meteorites,  lunar  and  martian  rocks  in  collaboration  with 
Prof.  M.  Thiemens,  Chemistry  Department,  UCSD.  Conversations  (at  different  stages) 
are  underway  with  two  museums  to  get  access  to  their  collection  of  meteorites. 

4.  Theoretically  driven  search.  The  overarching  goal  of  this  work  is  to  identify  the 
universal  trends  of  unconventional  superconductors  that  can  be  used  for  a  directed 
search  of  new  superconducting  materials.  We  found  earlier  a  universal  scaling 
relationship  between  the  superfiuid  density  and  the  product  of  Tc^A  (A  is  the 
superconducting  energy  gap)  in  unconventional  superconductors.  We  showed  lately  that 
this  scaling  is  also  present  in  organic  superconductors.  This  now  provides  a  theoretical 
framework  for  the  directed  search  for  new  superconductors  used  by  us  and  others. 

5.  Collahorations  are  underway  in  a  variety  of  combinations  with  the  other 
SuperSearch  MURIs,  individual  researchers.  Army  Core  of  Engineers  and  science 
museums.  Eor  a  comprehensive  list  see  Table  II. 

6.  New  superconducting  systems  found.  A  substantial  number  of  new  materials 
systems  were  found  which  exhibit  superconductivity  at  cryogenic  temperatures. 
Improving  the  Tc  of  these  systems  is  underway.  See  Table  III  below. 

II.  PRACTICAE  RESUETS 

The  results  were  summarized  in  38  papers  in  first-rate  refereed  journals,  were  part  of  8 
PhD  theses,  presented  as  invited  and  contributed  talks  at  major  meetings,  and  had  a 
major  influence  on  the  education  of  graduate  students  and  postdoctoral  fellows. 


This  research  has  also  been  crucial  in  the  education  of  several  PhD  students  impacting  8 
theses  works  in  different  ways.  Several  (19)  postdoctoral  fellows  have  contributed 
partially  to  the  research  outlined  above  and  7  visitors  contributed,  sometimes  free  of 
cost.  It  is  important  to  highlight  that  much  of  the  research  being  done  under  this  project 
benefits  from  extensive  collaborations  with  chemist,  physicists  and  engineers  at  UCSD 
and  other  institutions,  thus  the  young  investigators  are  exposed  to  an  important  modality 
of  collaborative  research. 

The  graduate  students  and  postdocs  associated  with  this  project  that  have  finished  their 
tenure,  are  employed  in  industry,  national  labs  and  academia.  They  are  also  developing 
independent  research  in  related  fields. 
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Table  I:  Systems  explored  (superconductors  and  non-superconductors). 


OXIDES 

CALCOGENIDES 

SILICIDES 

OTHERS 

MoSrEuCuO 

Bi2Te3 

Eu-Si 

FePc  (Phthalocyanine) 

GdBa2Cu30x 

FeTeo.65Seo.35 

FaFe2Si2 

H2O  treated  Graphite 

SmBa2Cu30x 

FeSe:K 

Eu-Si-Nb 

HOPG  (Graphene) 

MnO 

FeTe 

Cu3Si 

Teflon 

V2O3 

Bi2Te3Cux 

CARBIDES 

Irradiated  Si 

Pb-Mo-Cl-0 

Bi2Se3Cux 

Pr-Si-C 

Nb3Ge 

YBa2Cu307 

Bi2Se3 

Eu-Si-C 

ErRh4B4 

Bi2Sr2CaCu208  (UD,  OD) 

Sb2Se3 

V-Si-C 

(Ga,Mn)As 

CuO 

ZrSe2 

Sm-Si-C 

Hf(FeCo)P 

Yi.xCaxCr03 

Fe-Te-Se 

BORIDES 

Hf-Fe-C-P 

YCr03 

Cu-Se-V 

Eu5Si3B 

Fe304 

CHLORIDES 

MgB2 

Si02 

FeCl2 

TiB2 

La-Fe-Ba-Bi-0 

CuCl/Si 

V205:Ti 

CuCl 

TiB2 

CaCu02/SrTi03 

CuCb 

Eu5Si3B 

(Mo/Cu)Sr2ReCu20x ,  RF: 
(Y,  Er  &  Tm) 

Cu-Se-Cl 

TiB2 

Table  II:  Worldwide  service  and  collaborations. 


Collaborator 

Institution 

M.  A.  Alario-Franeo 

Universidad  Complutense  de  Madrid,  Spain 

M.  Aronson 

M.  R.  Beasley 

Stony  Brook  University,  USA 

Stanford  University,  USA 

D.  Esquinazi 

Universitat  Feipzig,  Germany 

1.  Felner 

Jerusalem,  Israel 

T.  J.  Haugan 

The  Air  Force  Research  Fab.,  USA 

J.  Hirsch 

University  of  California  -  San  Diego,  USA 

G.  Farkin 

Florida  International  University,  USA 

B.  Maple 

University  of  California  -  San  Diego,  USA 

S.  Risbud 

University  of  California  -  Davis,  USA 

J.  Sonier 

Simon  Fraser  University,  Canada 

S.  Taylor 

Cold  Regions  Fab.,  USA 

M.  Thiemens 

University  of  California  -  San  Diego,  USA 

R.  Puzniak 

Institute  of  Physics,  Warsaw,  Poland 

Table  III  New  superconductors,  discovered  by  UCSD  MURI  team. 


BORIDES 


Nbo.9Zro.1B 


ZrNbxB 


ZrVxB 


ThNi2Si2Bx 


Th(RE)B4  (3  compounds) 


Zro.98Nio.2B2 


MosS^B  (7  compounds) 


Zr0.99Ta0.01B2 


Nbo.9Nio.1B2 


Zro.99Nbo.01B2 


Zro.91Pto.09B2 


W2NiB2 


ThMoB4 


CALCOGENIDES 


ZrCuxTci.s 


ZrVxS2 


ZrVxSe2 


ZrVxTe 


CARBIDES 


ThCoo.6Nio.4C2 


Th2.xScxNiC2 


Th2NiC2 


SC3C0C4 


ThNi4C 


ThsNisCs 


ThsNhC 


ThCoC2 


ThNiC2 


YC0C2 


OTHERS 


Zr2CuSb3 


ZrVGe 


HfV2Ga4 


Y3NiCSi2 


ThSiGe 


YsN^Bi 


CaCeIr 


10.0 


7.0 -9.0 


7.0 -9.0 


7.0 -9.0 


12.0 


9.0-  11.0 


8.5 


7.0 


5.1 


5.0 


5.0 


2.7 


2.7 


2.5 


